Abstract: Background and objectives: Video-capsule endoscopy (VCE) has shown a large range (38-83%) of diagnostic yield in unexplained iron deficiency anemia (IDA) and obscure-occult bleeding. Therefore, we retrospectively investigated the VCE-detected spectrum and the prevalence of small bowel injuries and associated risk factors in inpatients with both of the above reported conditions. Methods: We selected inpatients with IDA (hemoglobin <12 g/dL in women, <13 g/dL in men) and obscure-occult bleeding. We excluded VCE indications other than IDA. Complete medical histories and laboratory tests were collected. All subjects underwent PillCam SB2/SB3. The VCE feature Lewis score was calculated when appropriate. We used the t-test and Fisher's exact test for continuous and categorical variables, respectively, in univariate analysis. For multivariate analysis, we used binomial logistic regression. Results: We retrieved 109 patients (female:male ratio of 53:56; age 63.4 ± 18.9 years). Eighty patients (73.4%) showed ≥1 small bowel lesions. The Lewis score was calculated in 41 patients: 13 (31.7%) showed a mild (<135) and 28 (68.3%) a moderate-severe (135-790 and >790, respectively) score. In univariate analysis, the small bowel transit time (6.2 ± 2.9 versus 5.2 ± 2.1 h; p = 0.049) and non-steroidal anti-inflammatory drug use for at least two weeks (17.5% versus 0%; p = 0.01) were significantly higher in subjects with injuries. These associations were not confirmed at multivariate analysis. The severity of a lesion directly correlated with proton pump inhibitor (PPI) use and duration (not confirmed in multivariate analysis). VCE can reveal the source of obscure-occult bleeding in a high percentage of unexplained IDAs. A wide spectrum of endoscopic pictures may be found. Known as well as supposed risk factors for small bowel lesions may be detected.
Introduction
Iron deficiency anemia (IDA) may affect 1-2% of adults in Western countries [1] . According to the World Health Organization (WHO), anemia is defined as a hemoglobin concentration below 13 g/dL in men and 12 g/dL in non-pregnant women aged more than 15 years [2] . Ferritin is a marker of iron general status.Ferritin levels <30 µg/L without an inflammatory condition (normal C reactive protein levels) are consistent with iron deficiency. If inflammation is present, a ferritin value between 30 and 100 µg/L is suggestive of aninadequate amount of iron [3, 4] . There are many causes of IDA; blood loss from the gastrointestinal tract is the most common in adults and postmenopausal women. For this reason, up to 13% of subjects with IDA are referred to gastroenterology units [5, 6] .
Obscure gastrointestinal hemorrhage is defined as persisting or recurring bleeding of unknown origin. In detail, obscure-occult bleeding is characterized by recurrent or persistent IDA and fecal occult blood test (FOBT) positivity. On the other hand, obscure-overt hemorrhage is defined by visible bleeding (i.e., melena and/or hematochezia). In both cases, gastroscopy and colonoscopy are unable to identify the source of the bleeding [7] [8] [9] [10] .
The literature does not provide a clear approach for IDA patients, although the British Society of Gastroenterology recommends a complete gastrointestinal investigation for anemia at all times [5, 9] . Indeed, the cause of IDA remains unexplained in up to 30% of patients after upper/lower endoscopy [10] and small bowel blood loss represents 5-10% of all gastrointestinal bleeding [7, 9] . Therefore, the European Society of Gastrointestinal Endoscopy (ESGE) guidelines advocate performing videocapsule endoscopy (VCE) as a first line examination for obscure gastrointestinal bleeding [11] . Despite the fact that the investigation may explore the entire small bowel in 79-90% of cases, the gaps in the literature on the range of the VCE diagnostic yield (38-83%) in obscure gastrointestinal bleeding need to be emphasized [7, 12] .
Based on this diagnostic yield discrepancy, the primary aim of this retrospective study was to depict both the prevalence and the spectrum of small bowel injury features detected by VCE in a cohort of inpatients with IDA and obscure-occult small bowel bleeding. The secondary aim was to explore potential predictive factors related to both the presence/absence and the severity of lesions detected by VCE.
Materials and Methods

Planning of the Study
This was a single-center observational retrospective study on inpatients with IDA, according to WHO classification [2] , who were referred to a tertiary gastroenterology unit from December 2010 to December 2016. Our cohort included only admitted patients because the local setting of University Hospital Health Public only provided VCE procedures for inpatients affected by obscure-occult gastrointestinal bleeding.
All patients had displayed negative ileocolonoscopy and esophagogastroduodenoscopy and a positive fecal occult blood test (FOBT).
The exclusion criteria were: Overt gastrointestinal hemorrhage, menorrhagia or any overt source of extra-intestinal bleeding, inflammatory bowel diseases, celiac disease, chronic liver diseases, and inherited polyposis syndromes.
The study was performed in agreement with the Declaration of Helsinki. Being a retrospective study, which did not need investigations other than what was required for the clinical management of IDA and obscure-occult bleeding, the study was reviewed and approved after a meeting of the authors, all affiliated with the Gastroenterology Unit of Bari University Hospital Policlinico (Italy).
Written informed consent to undergo a VCE procedure (in the Italian language) was obtained from each patient. In the text it wasclearly reported: "I accept that demographic and clinical data and the outcome of the procedure can be managed anonymously for scientific purposes". A blank copy of the informed consent sheet is attached as supplementary material and the mentioned sentence is highlighted.
Video Capsule Endoscopy Procedure
Before the investigation, complete medical histories (including medication and comorbidities) and laboratory tests were collected. Each patient's medical history was collected by a direct interview performed by a physician at the time of admission. Medical histories as well as the results of laboratory and instrumental investigations were recorded in institutional medical archives.
Video capsule examinations were performed with Pillcam SB2 and SB3 (Medtronic, Dublin, Ireland). Informed consent was obtained from all patients. Capsule endoscopies were carried out after a 12 h fasting period. Polyethylene glycol (PEG; 3 L in the evening before and 1 L on the morning of the procedure) was administered according to ESGE guidelines in order to enhance the diagnostic yield [13] , as confirmed by a recent meta-analysis [14] . Fluid and light meals were respectively allowed 2 and 4 h after capsule swallowing. The data recorder was removed after 12 h of registration. The recorded digital information was downloaded and analyzed using Rapid software.
Two endoscopists, who were blind to each patient's history (A.C.; M.P.) and experienced in VCE (more than 100 previous examinations), reviewed the videos. The capsule endoscopy findings were assessed. The small bowel area was divided into three tertiles (proximal, middle, and distal) based on recording time duration [15] . Lesions were defined as follows: (a) "petechia": circular area of crimson mucosa with preservation of villi; (b) "denuded area": loss of villous architecture without clear breach of the epithelium; (c) "angiodysplasia": enlarged blood vessels, usually a consequence of artero-venous malformations [16] . Other recorded alterations were: Mucosal breaks (i.e., ulcers and erosion), hemorrhagic areas, strictures, and neoplasms. The Lewis score was estimated where indicated [15] . This score characterizes small bowel mucosal inflammatory changes by evaluating three parameters: Villous edema, ulcer, and stenosis. A score of <135 describes a normal/clinically insignificant picture or a mild inflammation, while a score between 135 and 790, a moderate, and a score >790, a severe inflammation. Due to the characteristics of the Lewis score, its application was considered inappropriate for angiodysplasiae and cancers; therefore, in such cases it was not calculated.
Statistical Analysis
Continuous variables were expressed as mean ± standard deviation, whereas the categorical ones were expressed as percentages.
For univariate analysis, comparison between continuous variables was performed using Student's t-test, while the Chi-squared test without Yates's correction was used for categorical variables. This analysis was applied in order to compare patients with lesions at VCE topatients without lesions. Variables with p ≤ 0.10 at univariate analysis were analyzed by multivariate analysis using binomial logistic regression [17] . Multivariate analysis aimed to establish factors independently associated to: (i) the presence of lesions at VCE; and, (ii) the severity of lesions according to Lewis score. In this last analysis patients with moderate and severe Lewis scores were merged in order to avoid the dispersion of data. Odd ratios (OR) and 95% confidence intervals (CI) were calculated as estimations of the risk. The variable was inversely associated to the presence of lesions when 0 < OR < 1; conversely, it was directly correlated when OR > 1.
All statistical tests were two-tailed. The analysis was performed using the software SPSS Statistics for Windows, Version 23.0. (IBM Corp., Armonk, NY, USA).
Results
Patients
We enrolled 109 patients; the mean age was 63 ± 18.9 years, with an age range of 20-95, and the male:female ratio was 53:56. Of the patients, 43 were affected by arterial hypertension, 16 by chronic kidney disease, 6 by obesity, and 5 by joint disorders. At enrolment, 25 patients were using acetylsalicylate (aspirin) as an antiplatelet aggregator, 42 were using other non-steroidal anti-inflammatory drugs (NSAIDs), 31 proton pump inhibitors (PPI), and 18 oral anticoagulants. NSAIDs were used by 14 patients for symptomatic therapy of osteo-articular pain, prescribed by an orthopedics or rheumatology specialist, 5 for connectivitis, and 23 as self-medication. PPIs were used by 8 patients in order to prevent gastric damage due to aspirin or NSAIDs, and the remaining 23 for gastro-esophageal reflux disease with (7 subjects) or without (10 subjects) erosive esophagitis and reflux-like dyspepsia (6 subjects). The demographic and clinical characteristics of our study population are shown in Table 1 . NSAIDs: non-steroidal anti-inflammatory drugs; PPI: proton pump inhibitor.
Small Bowel Capsule Endoscopy Findings
The mean transit time evaluated by VCE recording in all patients was 5.9 ± 2.7 h. Out of 109 patients, 80 (73.4%) showed VCE pathological pictures; while in the other 29 (26.6%), a normal finding was observed. The 80 patients with VCE abnormalities showed an overall number of 116 lesions. Indeed, we identified 14 out of 80 patients (17.5%) with multiple lesions, whose peculiarities are summarized in Table 2 . Pathological findings showedpetechiae (11 out of 80 patients: 13.7%), denuded areas (3 out of 80: 3.75%), mucosal breaks like erosions or ulcers (29 out of 80: 36.2%), hemorrhagic areas (7 out of 80: 8.75%), angiodysplasiae (25 out of 80: 31.25%), strictures (5 out of 80: 6.25%) and neoplasms (15 out of 80: 18.75%). Some samples of the spectrum of observed lesions are reported in Figure 1 . Table 2 . Patients (n = 14) with multiple lesions at video capsule endoscopy (VCE).
Association of Lesions Detected at VCE Number of Patients
Strictures + mucosal breaks 5 Petechiae + mucosal breaks 2 Petechiae + hemorrhagic areas 2 Petechiae + angiodysplasiae 2 Angiodysplasiae + hemorrhagic areas 1 Neoplasms + hemorrhagic areas 1 Petechiae + mucosal breaks + denuded areas 1 Figure 1 . Samples of small bowel lesions detected by video capsule endoscopy in unexplained iron deficiency anemia. (A) artero-venous malformation, i.e., "angiodysplasia", characterized by enlarged blood vessels; (B) neoplasm protruding into the lumen; (C) ulcer, characterized by a mucosal break.
The site of lesions was the proximal tertile in 49 out of 80 (61.2%) cases, the second tertile in 26 out of 80 (32.5%), and the distal tertile in 41 out of 80 (51.2%). For 36 out of 80 (45.0%) patients, the same findings were simultaneously allocated at different tertiles.
Out of 80 patients, 41 showed an inflammatory pattern and, therefore, were graded according to Lewis score. In detail, 13 out of 41 patients (31.7%) showed a mild and 28 out of 41 (68.3%) a moderate-severe score.
Univariate and Multivariate Analyses
As indicated above, univariate and multivariate analyses assessed predictive factors related to both the presence or absence and the severity of lesions.
Presence or Absence of Lesions
Univariate analysis demonstrated that a longer small bowel transit time and the use of NSAIDs for at least two weeks were significantly associated with the presence of lesions (OR = 1.13; 95% CI 1.02-1.31; p = 0.049 and OR = 12.86; 95% CI 0.74-223.1; p = 0.01, respectively). The use of oral anticoagulants demonstrated a trend in the association with lesions at VCE, despite a not statistical significance (OR = 3.38; 95% CI 0.73-15.70; p = 0.10). No correlation was observed for the other considered parameters, which are summarized in Table 3 . The site of lesions was the proximal tertile in 49 out of 80 (61.2%) cases, the second tertile in 26 out of 80 (32.5%), and the distal tertile in 41 out of 80 (51.2%). For 36 out of 80 (45.0%) patients, the same findings were simultaneously allocated at different tertiles.
Univariate and Multivariate Analyses
Presence or Absence of Lesions
Univariate analysis demonstrated that a longer small bowel transit time and the use of NSAIDs for at least two weeks were significantly associated with the presence of lesions (OR = 1.13; 95% CI 1.02-1.31; p = 0.049 and OR = 12.86; 95% CI 0.74-223.1; p = 0.01, respectively). The use of oral anticoagulants demonstrated a trend in the association with lesions at VCE, despite a not statistical significance (OR = 3.38; 95% CI 0.73-15.70; p = 0.10). No correlation was observed for the other considered parameters, which are summarized in Table 3 . Multivariate analysis (Table 4) Of relevance, all eight patients using both NSAIDs or aspirin and PPI showed small bowel lesions.
Severity of Lesions
This analysis involved only 41 patients, i.e., those showing inflammatory lesions at VCE. As previously mentioned, patients with moderate and severe Lewis scores were merged into a single group. When patients with a mild score made up the reference group, a high Lewis score correlated to PPI use (OR = 12.0; 95% CI 1.4-100; p = 0.01) and duration of use (OR = 21; 95% CI 1.2-792; p = 0.03) at univariate analysis. However, at multivariate analysis, no factor was statistically associated to the Lewis score.
Discussion
The results of the present study are in agreement with those of the studies describing the high diagnostic suitability of VCE for the detection of sources of small bowel bleeding in IDA patients [7] [8] [9] [10] . Moreover, they are very close to what was reported by Koulaouzidis et al. in a systematic review estimating a pooled diagnostic ability of 66.6% (95% CI: 61-72.3%) [18] . Therefore, it is possible that gaps in the VCE performance literature depend on the adequacy of the selection of IDA patients to be investigated [10, 19] . A further explanation of our results may be the investigation's optimal timing (i.e., within three days of admission) [20] . On the other hand, literature data show that the state of the inpatient or outpatient does not affect VCE performance. Indeed, our cohort included only admitted patients because the local setting of University Hospital Health Public System only provides VCE procedures for inpatients affected by obscure-occult gastrointestinal bleeding. As expected, our results confirm that an appropriate skilled approach to improving the VCE diagnostic yield should be directed at IDA patients with positive FOBT and negative bidirectional endoscopy. Additionally, this strategy should take into account exclusion criteria, such as the presence of IDA-inducing gastrointestinal conditions (atrophic gastritis or malabsorption) and a detailed medical history excluding extra-intestinal disorders accounting for IDA. Despite the fact that the above-mentioned cautions allow a high VCE diagnostic power to be obtained, some limitations of this investigation could explain the small percentage of failures in identifying the cause of IDA. They may essentially be represented by "missed lesions" and an inability to precisely locate injuries in small bowel districts [10, 19, 21] .
In this study, we showed that a wide spectrum of VCE pictures may be found in IDA patients. This finding could suggest the need to promote morphologic agreements in discriminating and describing the different pictures, which may presumably account for the large VCE range (38-83%) of the diagnostic yield in IDA [7, 12] . As a result, in our analysis, the majority of detected sources were vascular (11 petechiae and 25 angiodysplasiae) and inflammatory (29 mucosal breaks like erosions or ulcers and 5 strictures). Moreover, in this study, vascular lesions were frequently observed in the proximal small bowel even though the retrospective type of study did not allow a comparison of VCE with enteroscopy. However, despite the fact that the reason for this location is unclear, this finding could explain what is reported in the literature, i.e., the good performance of enteroscopy in identifying and, mostly, in treating this type of injury [22, 23] . Finally, a recent European study showed that the diagnostic yield of VCE was not adequately effective in the case of small bowel masses when they did not protrude into the lumen [24] . This potential limit [25] was in agreement with our study, which detected 15 (12.9%) single neoplasms.
Univariate analysis, directed at identifying risk factors associated with the presence or absence of small bowel injury, showed that slow intestinal transit and NSAID use directly correlated with the possibility of finding injuries with VCE. Concerningthe first possible risk factor identified by this study, Hejazi et al. have shown that VCE could potentially be used for measuring small bowel transit time, even though they reported that it does correlate with undefined IDA-related intestinal lesions [26] . Therefore, the disagreement between our study and that of Hejazi et al. could encourage further investigations focused on this topic. Conversely, the correlation between NSAID use and small bowel lesions was expected, and the absence of significance at multivariate analysis is likely due to the small number of patients included in the analysis and the high number of considered variables. Indeed, many studies have identified different potential pathogenic mechanisms of NSAID-induced enteropathy [27] [28] [29] [30] . In this context, the manipulation of the microbiota seems to be a promising approach in NSAID intestinal damage prevention [30] [31] [32] [33] . Equally, treatments with Bifidobacterium, Lactobacilli, and Faecalibacteriaum prausnitzii have shown similar promising results in animal models [30] .
In our study, the risk factors associated with the severity of small bowel injury at univariate analysis demonstrated a positive association with PPI use and duration, which was not confirmed by multivariate analysis presumably because of the small sample size. While a possible mechanistic explanation of damage may be evident for the 8patients usingPPI in association with NSAIDs or aspirin, it is unclear for patients using PPIs alone, since their association with small bowel injury has not been well explored in the literature and is controversial [34] . In a recent case-control study, there was a significant increase in the risk of lower gastrointestinal bleeding due to NSAIDs or aspirin with concomitant PPI use [35] . Interestingly, a randomized clinical trial was performed on healthy volunteers allocated to receive celecoxib plus placebo or rabeprazole. In the PPI group, the authors observed an increased rate of small bowel injury (44.7% versus 16.7%) [36] . Despite the fact that these observations have not been clearly explained, it has been hypothesized that a relative (but not absolute) increase in small bowel hemorrhage in PPI users may be due to low ascorbic acid assimilation or promotion of bleeding by pre-existing lesion [37] . Finally, some authors suggested that acid-gastric suppression induced by PPI is associated with changes in small bowel microbiota [38] . We can assume that, in addition to bile acids [39] , bacterial mucosal translocation could trigger an inflammatory cascade with consequent intestinal damage. Nevertheless, further studies are mandatory in order to clarify the possibility of an association between PPIs and intestinal lesions in the absence of simultaneous NSAID use.
Conclusions
In conclusion, our study highlighted the convincing usefulness of VCE in providing clear information in the complex scenario of unexplained IDA by detailing the wide spectrum of VCE detectable lesions. Moreover, the possibility of risk factors for intestinal injuries were outlined in our analysis, while a clearer definition of accurate predictors of the presence and severity of small bowel IDA-related lesions is warranted in prospective studies. Funding: This research received no external funding.
